Chirální ferrocenové fosfanyl-karboxylové ligandy by Lamač, Martin
C
ha
rle
s U
ni
ve
rs
ity
 in
 P
ra
gu
e 
Fa
cu
lty
 o
f S
ci
en
ce
, D
ep
ar
tm
en
t o
f I
no
rg
an
ic
 C
he
m
is
try
 
– 
U
ni
ve
rz
ita
 K
ar
lo
va
 v
 P
ra
ze
 
Př
íro
do
vě
de
ck
á 
fa
ku
lta
, K
at
ed
ra
 a
no
rg
an
ic
ké
 c
he
m
ie
 
                  
M
ar
tin
 L
am
ač
 
  
C
hi
ra
l F
er
ro
ce
ne
 P
ho
sp
ha
ny
l-c
ar
bo
xy
lic
 L
ig
an
ds
 
– 
C
hi
rá
ln
í f
er
ro
ce
no
vé
 fo
sf
an
yl
-k
ar
bo
xy
lo
vé
 li
ga
nd
y 
  
Ph
.D
. T
he
si
s/
D
iz
er
ta
čn
í p
rá
ce
 
      
Pr
ah
a 
20
08
 
 
2 C
on
te
nt
s/
O
bs
ah
: 
   
Su
m
m
ar
y 
(E
ng
lis
h)
 
3 
 
Sh
rn
ut
í (
Č
es
ky
) 
13
 
 
Pu
bl
is
he
d 
ar
tic
le
s/
m
an
us
cr
ip
ts
 in
cl
ud
ed
 in
 th
e 
th
es
is
 
23
 
 
Li
st
 o
f p
ub
lic
at
io
ns
 o
f t
he
 a
ut
ho
r i
n 
im
pa
ct
ed
 jo
ur
na
ls
 
26
 
 
26L
is
t o
f p
ub
lic
at
io
ns
 o
f t
he
 a
ut
ho
r 
in
 im
pa
ct
ed
 jo
ur
na
ls
: 
 1)
  
P.
 Š
tě
pn
ič
ka
, M
. L
am
ač
, I
. C
ís
ař
ov
á 
Po
ly
he
dr
on
 2
00
4,
 2
3,
 9
21
. 
2)
  
M
. L
am
ač
, I
. C
ís
ař
ov
á,
 P
. Š
tě
pn
ič
ka
 J
. O
rg
an
om
et
. C
he
m
. 2
00
5,
 6
90
, 4
28
5.
 
3)
  
M
. L
am
ač
, P
. Š
tě
pn
ič
ka
 In
or
g.
 C
he
m
. C
om
m
un
. 2
00
6,
 9
, 3
19
. 
4)
  
M
. L
am
ač
, I
. C
ís
ař
ov
á,
 P
. Š
tě
pn
ič
ka
 E
ur
. J
. I
no
rg
. C
he
m
. 2
00
7,
 2
27
4.
 
5)
  
J. 
K
üh
ne
rt,
 M
. 
La
m
ač
, 
T.
 R
üf
fe
r, 
B
. 
W
al
fo
rt,
 P
. 
Št
ěp
ni
čk
a,
 H
. 
La
ng
 J
. 
O
rg
an
om
et
. 
C
he
m
. 2
00
7,
 6
92
, 4
30
3.
 
6)
  
M
. L
am
ač
, I
. C
ís
ař
ov
á,
 P
. Š
tě
pn
ič
ka
 C
ol
le
ct
. C
ze
ch
. C
he
m
. C
om
m
un
. 2
00
7,
 7
2,
 9
85
. 
7)
  
M
. L
am
ač
, J
. T
au
ch
m
an
, I
. C
ís
ař
ov
á,
 P
. Š
tě
pn
ič
ka
 O
rg
an
om
et
al
lic
s 2
00
7,
 2
6,
 5
04
2.
 
8)
  
P.
 Š
tě
pn
ič
ka
, M
. L
am
ač
, I
. C
ís
ař
ov
á 
J.
 O
rg
an
om
et
. C
he
m
. 2
00
8,
 6
93
, 4
46
. 
9)
  
C
. 
B
ia
nc
hi
ni
, 
A
. 
M
el
i, 
W
. 
O
be
rh
au
se
r, 
A
. 
M
. 
Se
ga
rr
a,
 E
. 
Pa
ss
ag
lia
, 
M
. 
La
m
ač
, 
P.
 
Št
ěp
ni
čk
a 
Eu
r. 
J.
 In
or
g.
 C
he
m
., 
20
08
, 4
41
. 
10
) 
J. 
K
üh
ne
rt,
 M
. L
am
ač
, J
. D
em
el
, A
. N
ic
ol
ai
, H
. L
an
g,
 P
. Š
tě
pn
ič
ka
 J
. M
ol
. C
at
al
. A
: 
C
he
m
. 2
00
8,
 2
85
, 4
1.
 
11
)  
J. 
K
üh
ne
rt,
 I.
 C
ís
ař
ov
á,
 M
. L
am
ač
, P
. Š
tě
pn
ič
ka
 D
al
to
n 
Tr
an
s. 
20
08
, 2
45
4.
 
12
)  
P.
 Š
tě
pn
ič
ka
, M
. Z
áb
ra
ns
ký
, M
. L
am
ač
, I
. C
ís
ař
ov
á,
 P
. N
ěm
ec
 J
. O
rg
an
om
et
. C
he
m
. 
20
08
, 6
93
, 1
77
9.
 
13
)  
M
. L
am
ač
, J
. C
va
čk
a,
 P
. Š
tě
pn
ič
ka
 J
. O
rg
an
om
et
. C
he
m
. 2
00
8,
 6
93
, 3
43
0.
 
14
)  
P.
 Š
tě
pn
ič
ka
, M
. Z
áb
ra
ns
ký
, I
. C
ís
ař
ov
á,
 M
. L
am
ač
 J
. O
rg
an
om
et
. C
he
m
. 2
00
8,
 in
 p
re
ss
. 
  M
or
eo
ve
r 
...
 
? 
co
-a
ut
ho
re
d 
a 
ch
ap
te
r 
en
tit
le
d:
 “
Sy
nt
he
si
s 
an
d 
C
at
al
yt
ic
 U
se
 o
f 
Pl
an
ar
 C
hi
ra
l 
an
d 
Po
ly
de
nt
at
e 
Fe
rr
oc
en
e 
D
on
or
s”
 i
n:
 F
er
ro
ce
ne
s:
 L
ig
an
ds
, M
at
er
ia
ls
 a
nd
 B
io
m
ol
ec
ul
es
, 
P.
 Š
tě
pn
ič
ka
 (E
d.
), 
W
ile
y,
 C
hi
ch
es
te
r, 
20
08
. 
? 
th
e 
w
or
k 
in
cl
ud
ed
 i
n 
th
e 
th
es
is
 h
as
 b
ee
n 
pr
es
en
te
d 
at
 i
nt
er
na
tio
na
l 
co
nf
er
en
ce
s 
(th
re
e 
or
al
 p
re
se
nt
at
io
ns
, 
tw
o 
po
st
er
s)
 o
r 
na
tio
na
l 
m
ee
tin
gs
 (
th
re
e 
or
al
 p
re
se
nt
at
io
ns
, 
on
e 
po
st
er
) 
 
3
Su
m
m
ar
y 
 Th
e 
pr
es
en
te
d 
th
es
is
 
w
as
 
ai
m
ed
 
at
 
th
e 
sy
nt
he
si
s, 
ch
ar
ac
te
ris
at
io
n,
 
an
d 
st
ud
ie
s 
in
to
 
co
or
di
na
tio
n 
an
d 
ca
ta
ly
tic
 p
ro
pe
rti
es
 o
f n
ew
 fe
rr
oc
en
e-
ba
se
d 
ph
os
ph
an
yl
-c
ar
bo
xy
lic
 li
ga
nd
s 
(S
ch
em
e 
1)
. T
he
se
 h
yb
rid
 li
ga
nd
s 
su
ita
bl
y 
ex
te
nd
 th
e 
ra
ng
e 
of
 d
er
iv
at
iv
es
 k
no
w
n 
up
-to
-d
at
e.
 
Th
e 
co
m
bi
na
tio
n 
of
 p
ho
sp
ho
ru
s 
an
d 
ox
yg
en
 d
on
or
 a
to
m
s 
al
lo
w
s 
th
em
 to
 c
oo
rd
in
at
e 
m
an
y 
tra
ns
iti
on
 m
et
al
s 
in
 v
ar
io
us
 m
od
es
. B
es
id
es
, t
he
 c
om
po
un
ds
 s
tu
di
ed
 p
os
se
ss
 p
la
na
r c
hi
ra
lit
y,
 
op
tio
na
lly
 a
cc
om
pa
ni
ed
 b
y 
ad
di
tio
na
l c
hi
ra
lit
y 
ce
nt
re
s 
pr
es
en
t i
n 
th
e 
at
ta
ch
ed
 s
ub
st
itu
en
ts
. 
A
pp
ro
pr
ia
te
 s
yn
th
et
ic
 p
ro
to
co
ls
 w
er
e 
de
si
gn
ed
 a
nd
 u
til
is
ed
 i
n 
or
de
r 
to
 e
ff
ec
tiv
el
y 
pr
ep
ar
e 
th
es
e 
no
ve
l c
hi
ra
l f
er
ro
ce
ne
 li
ga
nd
s i
n 
op
tic
al
ly
 p
ur
e 
fo
rm
. I
n 
vi
ew
 o
f s
uc
ce
ss
fu
l a
pp
lic
at
io
ns
 
of
 m
an
y 
ch
ira
l 
fe
rr
oc
en
e 
de
riv
at
iv
es
 i
n 
ca
ta
ly
si
s,1
 t
he
 p
re
pa
re
d 
co
m
po
un
ds
 w
er
e 
te
st
ed
 i
n 
pa
lla
di
um
-m
ed
ia
te
d 
en
an
tio
se
le
ct
iv
e 
al
ly
lic
 a
lk
yl
at
io
n.
2  
Th
e 
ac
id
s 
(R
p,R
)-
1 
an
d 
(R
p)
/(S
p)
-H
dp
c 
(S
ch
em
e 
1)
 w
er
e 
pr
ep
ar
ed
 b
y 
th
e 
de
sc
rib
ed
 
sy
nt
he
tic
 
pr
oc
ed
ur
es
 
in
 
op
tic
al
ly
 
pu
re
 
fo
rm
 
ei
th
er
 
by
 
th
e 
ap
pr
oa
ch
 
in
vo
lv
in
g 
th
e 
fu
nc
tio
na
lis
at
io
n 
of
 a
 d
er
iv
at
iv
e 
be
ar
in
g 
ch
ira
l o
rt
ho
-d
ire
ct
in
g 
gr
ou
p,
 o
r b
y 
th
e 
re
so
lu
tio
n 
of
 
a 
ra
ce
m
ic
 p
ro
du
ct
 v
ia
 t
em
po
ra
ry
 a
tta
ch
m
en
t 
of
 a
 c
hi
ra
l 
au
xi
lia
ry
 a
nd
 s
ep
ar
at
io
n 
of
 t
he
 
di
as
te
re
oi
so
m
er
ic
 in
te
rm
ed
ia
te
s. 
       
Sc
he
m
e 
1 
 (R
p)
-2
-[
(R
)-
1-
(d
ip
he
ny
lp
ho
sp
ha
ny
l)e
th
yl
]f
er
ro
ce
ne
ca
rb
ox
yl
ic
 
ac
id
 
(1
), 
a 
lig
an
d 
co
m
bi
ni
ng
 p
la
na
r a
nd
 c
en
tra
l c
hi
ra
lit
y,
 w
as
 s
yn
th
es
is
ed
 a
s 
de
pi
ct
ed
 in
 S
ch
em
e 
2.
 A
ci
d 
1 
is
 a
 
ho
m
ol
og
ue
 
to
 
th
e 
pr
ev
io
us
ly
 
re
po
rte
d 
ra
ce
m
ic
 
2-
[(
di
ph
en
yl
ph
os
ph
an
yl
)m
et
hy
l]-
fe
rr
oc
en
ec
ar
bo
xy
lic
 a
ci
d.
3  
Sy
nt
he
si
s 
of
 1
 b
eg
an
 w
ith
 d
ia
st
er
eo
se
le
ct
iv
e 
or
th
o-
lit
hi
at
io
n 
an
d 
 
br
om
in
at
io
n 
of
 
ch
ira
l 
am
in
e 
3.
 
Th
e 
re
su
lti
ng
 
br
om
o-
am
in
e 
4 
w
as
 
su
bs
eq
ue
nt
ly
 
ph
os
ph
an
yl
at
ed
 a
s 
pr
ev
io
us
ly
 d
es
cr
ib
ed
 b
y 
G
ia
m
ba
st
ia
ni
 e
t a
l.4
 I
n 
th
e 
la
st
 s
te
p,
 b
ro
m
id
e 
5 
w
as
 li
th
ia
te
d 
an
d 
th
e 
in
te
rm
ed
ia
te
 im
m
ed
ia
te
ly
 c
ar
bo
xy
la
te
d 
w
ith
 a
n 
ex
ce
ss
 o
f s
ol
id
 c
ar
bo
n 
di
ox
id
e,
 to
 g
iv
e,
 a
fte
r a
ci
di
fic
at
io
n 
an
d 
w
or
k-
up
, a
ci
d 
1.
 In
 a
dd
iti
on
, a
n 
al
te
rn
at
iv
e 
ro
ut
e 
to
 1
 
w
as
 d
ev
is
ed
 i
nv
ol
vi
ng
 p
ro
te
ct
io
n 
of
 t
he
 p
ho
sp
ha
ne
 g
ro
up
 t
hr
ou
gh
 i
ts
 c
on
ve
rs
io
n 
to
 t
he
 
co
rr
es
po
nd
in
g 
ph
os
ph
an
e 
su
lfi
de
. 
M
od
ifi
ca
tio
ns
 a
t 
bo
th
 f
un
ct
io
na
l 
gr
ou
ps
 i
n 
1 
af
fo
rd
ed
 a
 s
er
ie
s 
of
 c
lo
se
ly
 r
el
at
ed
 
de
riv
at
iv
es
. A
pa
rt 
fr
om
 th
e 
ab
ov
e 
m
en
tio
ne
d 
ph
os
ph
an
e 
su
lp
hi
de
, a
ls
o 
ph
os
ph
an
e 
ox
id
e 
w
as
 
C
O
O
H
P
P
h 2
Fe (
S p
,S
)-
2
P
P
h 2
C
O
O
H
Fe (
R
p,R
)-
1
P
P
h 2
C
O
O
H
P
P
h 2
Fe (R
p)
-H
dp
c
C
O
O
H
P
P
h 2 P
P
h 2
Fe (S
p)
-H
dp
c
 
4 pr
ep
ar
ed
 a
nd
 it
s 
so
lid
 s
ta
te
 s
tru
ct
ur
e 
de
te
rm
in
ed
 b
y 
X
-r
ay
 d
iff
ra
ct
io
n.
 F
in
al
ly
, a
m
id
at
io
n 
of
 
th
e 
ca
rb
ox
yl
 g
ro
up
 w
ith
 b
ot
h 
ac
hi
ra
l a
nd
 c
hi
ra
l a
m
in
es
 y
ie
ld
ed
 a
m
id
es
 6
 a
nd
 7
, r
es
pe
ct
iv
el
y.
 
                      
Sc
he
m
e 
2 
(E
D
C
 =
 N
-e
th
yl
-N
'-[
3-
(d
im
et
hy
la
m
in
o)
pr
op
yl
]c
ar
bo
di
im
id
e,
 H
O
B
t =
 1
-h
yd
ro
xy
-
be
nz
ot
ri
az
ol
e)
 
 In
 o
rd
er
 to
 st
ud
y 
co
or
di
na
tio
n 
pr
op
er
tie
s o
f 1
 a
nd
 th
e 
re
la
te
d 
co
m
po
un
ds
, s
om
e 
rh
od
iu
m
 
an
d 
pa
lla
di
um
 c
om
pl
ex
es
 w
er
e 
pr
ep
ar
ed
. 
Fi
rs
tly
, 
a 
br
id
ge
-c
le
av
ag
e 
of
 [
{R
h(
µ-C
l)C
l(η
5 -
C
5M
e 5
)}
2]
 w
ith
 1
 g
av
e 
co
m
pl
ex
 8
 (
Sc
he
m
e 
3)
 f
ea
tu
rin
g 
P-
m
on
od
en
ta
te
 1
. 
C
om
po
un
d 
8 
un
de
rw
en
t 
sm
oo
th
 c
on
ve
rs
io
n 
to
 p
ho
sp
ha
ny
l-c
ar
bo
xy
la
te
 c
om
pl
ex
 9
 u
po
n 
tre
at
m
en
t 
w
ith
 
si
lic
a 
ge
l 
or
 a
lu
m
in
a.
 O
,P
-C
he
la
tin
g 
co
or
di
na
tio
n 
of
 t
he
 p
ho
sp
ha
ny
l-c
ar
bo
xy
la
te
 w
as
 a
ls
o 
ac
hi
ev
ed
 i
n 
th
e 
rh
od
iu
m
(I
) 
co
m
pl
ex
 1
0 
th
at
 r
es
ul
te
d 
fr
om
 a
ci
d-
ba
se
 d
is
pl
ac
em
en
t 
of
 
ac
et
yl
ac
et
on
at
e 
(a
ca
c)
 li
ga
nd
 in
 [R
h(
ac
ac
)(
C
O
)(
PC
y 3
)]
. S
ol
id
-s
ta
te
 st
ru
ct
ur
es
 o
f c
om
pl
ex
es
 8
 
an
d 
10
 w
er
e 
de
te
rm
in
ed
 b
y 
si
ng
le
-c
ry
st
al
 X
-r
ay
 d
iff
ra
ct
io
n 
Th
e 
co
or
di
na
tio
n 
be
ha
vi
ou
r 
of
 
am
id
es
 w
as
 p
ro
be
d 
on
 p
al
la
di
um
(I
I)
. T
hu
s, 
am
id
e 
6 
di
sp
la
ce
d 
th
e 
cy
cl
oo
ct
a-
1,
5-
di
en
e 
(c
od
) 
lig
an
d 
in
 [
Pd
C
l(M
e)
(c
od
)]
, a
ff
or
di
ng
 th
e 
ch
el
at
e 
co
m
pl
ex
 1
1,
 th
e 
cr
ys
ta
l s
tru
ct
ur
e 
of
 w
hi
ch
 
w
as
 e
st
ab
lis
he
d 
by
 th
e 
X
-r
ay
 d
iff
ra
ct
io
n.
 
N
M
e 2
B
r
Fe
N
M
e 2
Fe
H
PP
h 2
/A
cO
H
P
P
h 2
B
r
Fe
P
P
h 2
C
O
O
H
Fe
(S
p,R
)-
4
1.
 B
uL
i
   
  2
. C
2B
r 2
F 4
1.
 B
uL
i
2.
 C
O
2, 
th
en
 H
+
(R
)-
3
(S
p,R
)-
5
(R
p,R
)-
1
P
P
h 2
O
N
H
P
h
R
Fe
R
 =
 H
: (
R
p,R
)-
6
R
 =
 M
e:
 (R
p,R
,R
)-
7,
 (R
p,R
,S
)-
7
ED
C
/H
O
Bt
Ph
C
H
(R
)N
H
2
 
25
A
bs
tra
ct
: 
In
te
ra
ct
io
n 
of
 (
S p
)-
2-
(d
ip
he
ny
lp
ho
sp
hi
no
)f
er
ro
ce
ne
ca
rb
ox
yl
ic
 a
ci
d 
[(
S p
)-
1]
 w
ith
 
N
,N
'-d
ic
yc
lo
he
xy
lc
ar
bo
di
im
id
e 
(D
C
C
) 
an
d 
N
-e
th
yl
-N
'-[
3-
(d
im
et
hy
la
m
in
o)
pr
op
yl
]-
ca
rb
od
iim
id
e 
(E
D
C
) 
ha
ve
 b
ee
n 
in
ve
st
ig
at
ed
 in
 o
rd
er
 to
 s
tu
dy
 th
e 
re
ac
tin
g 
sy
st
em
 it
se
lf 
an
d 
to
 c
ha
ra
ct
er
is
e 
si
de
-p
ro
du
ct
s 
ty
pi
ca
lly
 a
ris
in
g 
du
rin
g 
th
e 
di
im
id
e-
pr
om
ot
ed
 c
on
de
ns
at
io
n 
of
 
ac
id
 (
S p
)-
1 
w
ith
 n
uc
le
op
hi
le
s. 
Th
e 
re
ac
tio
n 
be
tw
ee
n 
(S
p)
-1
 a
nd
 D
C
C
 w
as
 f
ou
nd
 t
o 
gi
ve
 
pr
ef
er
en
tia
lly
 
th
e 
re
sp
ec
tiv
e 
ur
ea
 
de
riv
at
iv
e 
in
 
th
e 
ab
se
nc
e 
of
 
a 
ba
se
, 
an
d 
(S
p)
-2
-
(d
ip
he
ny
lp
ho
sp
hi
no
)f
er
ro
ce
ne
ca
rb
ox
yl
ic
 a
nh
yd
rid
e 
[(
S p
,S
p)
-3
] 
w
he
n 
th
e 
sa
m
e 
re
ac
tio
n 
w
as
 
pe
rf
or
m
ed
 
in
 
th
e 
pr
es
en
ce
 
of
 
4-
(d
im
et
hy
la
m
in
o)
py
rid
in
e 
(D
M
A
P)
. 
W
ith
 
ED
C
, 
th
e 
pr
ef
er
en
ce
 f
or
 a
 r
ea
ct
io
n 
pa
th
w
ay
 w
as
 l
es
s 
pr
on
ou
nc
ed
: 
w
he
re
as
 t
he
 r
ea
ct
io
n 
w
ith
ou
t 
th
e 
ba
se
 a
ff
or
de
d 
ex
cl
us
iv
el
y 
th
e 
co
rr
es
po
nd
in
g 
ur
ea
, t
ha
t i
n 
th
e 
pr
es
en
ce
 o
f 
D
M
A
P 
yi
el
de
d 
a 
m
ix
tu
re
 o
f t
he
 u
re
a 
an
d 
an
hy
dr
id
e 
(S
p,S
p)
-3
. 
 6)
 M
. 
La
m
ač
, 
I. 
C
ís
ař
ov
á,
 P
. 
Št
ěp
ni
čk
a:
 “
Pr
ep
ar
at
io
n 
of
 p
la
na
r-
ch
ira
l 
ca
rb
ox
yl
at
ed
 d
pp
f 
an
al
og
ue
s, 
a 
st
ud
y 
in
to
 th
ei
r 
co
or
di
na
tio
n 
be
ha
vi
or
 a
nd
 a
pp
lic
at
io
n 
to
 p
al
la
di
um
-c
at
al
yz
ed
 
as
ym
m
et
ric
 a
lly
lic
 a
lk
yl
at
io
n”
 –
 su
bm
itt
ed
 fo
r p
ub
lic
at
io
n 
in
 O
rg
an
om
et
al
lic
s 
 A
bs
tra
ct
: 
A
 
no
ve
l 
po
la
r 
dp
pf
 
de
riv
at
iv
e 
po
ss
es
si
ng
 
on
ly
 
pl
an
ar
 
ch
ira
lit
y,
 
1′,2
-
bi
s(
di
ph
en
yl
ph
os
ph
in
o)
fe
rr
oc
en
e-
1-
ca
rb
ox
yl
ic
 a
ci
d 
(H
dp
c)
 h
as
 b
ee
n 
sy
nt
he
si
ze
d 
in
 r
ac
em
ic
 
fo
rm
 a
nd
 re
so
lv
ed
 to
 p
ur
e 
en
an
tio
m
er
s 
vi
a 
di
as
te
re
om
er
ic
 e
st
er
s 
w
ith
 D
-g
lu
co
se
 d
ia
ce
to
ni
de
 
((
R p
)-
 a
nd
 (
S p
)-
3)
. 
Th
e 
en
an
tio
m
er
 (
R p
)-
H
dp
c 
w
as
 f
ur
th
er
 c
on
ve
rte
d 
to
 a
 s
er
ie
s 
of
 N
-
su
bs
tit
ut
ed
 a
m
id
es
. A
ll 
do
no
rs
 w
er
e 
st
ud
ie
d 
as
 li
ga
nd
s 
to
 e
na
nt
io
se
le
ct
iv
e 
al
ly
lic
 a
lk
yl
at
io
n 
of
 r
ac
em
ic
 (
E)
-1
,3
-d
ip
he
ny
lp
ro
p-
2-
en
-1
-y
l 
ac
et
at
e 
or
 c
ar
bo
na
te
 w
ith
 d
ia
lk
yl
 m
al
on
at
es
, 
sh
ow
in
g 
hi
gh
 a
ct
iv
ity
 a
nd
 g
oo
d 
en
an
tio
se
le
ct
iv
ity
 (e
e’
s 
up
 to
 8
0 
%
). 
Th
e 
ob
ta
in
ed
 c
at
al
yt
ic
 
re
su
lts
 w
er
e 
ra
tio
na
liz
ed
 in
 v
ie
w
 o
f s
tru
ct
ur
al
 d
at
a 
(N
M
R
 a
nd
 X
-r
ay
 c
ry
st
al
lo
gr
ap
hy
) f
or
 (η
3 -
al
ly
l)p
al
la
di
um
(I
I)
 
co
m
pl
ex
 
(R
p)
-[
Pd
(η3
-1
,3
-P
h 2
C
3H
3)
{F
e(
η5 -
C
5H
3-
1-
(C
O
N
H
C
H
2P
h)
-2
-
(P
Ph
2-
κP
))
(η5
-C
5H
4P
Ph
2-
κP
)}
]C
lO
4 
(1
7)
, 
se
rv
in
g 
as
 a
 m
od
el
 o
f 
th
e 
pl
au
si
bl
e 
re
ac
tio
n 
in
te
rm
ed
ia
te
, a
nd
 th
e 
re
su
lts
 r
ep
or
te
d 
fo
r 
so
m
e 
re
la
te
d 
lig
an
ds
. T
he
 a
va
ila
bl
e 
da
ta
 in
di
ca
te
 
th
at
 t
he
 r
ea
ct
io
n 
co
ur
se
 i
s 
go
ve
rn
ed
 l
ar
ge
ly
 b
y 
st
er
ic
 f
ac
to
rs
 a
nd
 p
la
na
r 
ch
ira
lit
y 
at
 t
he
 
fe
rr
oc
en
e 
un
it,
 t
he
 a
m
id
e 
su
bs
tit
ue
nt
 h
av
in
g 
on
ly
 m
in
or
 i
nf
lu
en
ce
. 
A
 f
ur
th
er
 s
tu
dy
 i
nt
o 
co
or
di
na
tio
n 
pr
op
er
tie
s 
of
 H
dp
c 
le
d 
to
 is
ol
at
io
n 
of
 [
Pd
C
l 2(
H
dp
c-
κ2 P
,P
′)] 
(1
2)
 a
nd
 [
{P
d(
µ-
C
l)(
H
dp
c-
κ2 P
,P
′)}
2]
 (
13
). 
Th
e 
cl
os
e 
st
ru
ct
ur
al
 r
el
at
io
ns
hi
p 
be
tw
ee
n 
dp
pf
 a
nd
 H
dp
c 
w
as
 
co
rr
ob
or
at
ed
 b
y 
X
-r
ay
 d
iff
ra
ct
io
n 
an
al
ys
is
 o
f r
ac
-H
dp
c,
 m
et
hy
l e
st
er
 o
f (
R p
)-
H
dp
c 
((
R p
)-
5)
, 
gl
yc
os
id
e 
(R
p)
-3
, a
nd
 th
e 
so
lv
at
ed
 c
om
pl
ex
 1
2⋅M
e 2
C
O
. 
 
24di
ff
ra
ct
io
n.
 C
at
al
yt
ic
 p
ro
pe
rti
es
 o
f 
1 
an
d 
th
e 
am
id
es
 w
er
e 
pr
ob
ed
 i
n 
en
an
at
io
se
le
ct
iv
e 
rh
od
iu
m
-c
at
al
yz
ed
 h
yd
ro
ge
na
tio
n 
an
d 
pa
lla
di
um
-c
at
al
yz
ed
 a
sy
m
m
et
ric
 a
lly
lic
 a
lk
yl
at
io
n.
  
 3)
 
M
. 
La
m
ač
, 
I. 
C
ís
ař
ov
á,
 
P.
 
Št
ěp
ni
čk
a:
 
“S
te
re
os
el
ec
tiv
e 
m
et
hy
la
tio
n 
of
 
1-
(d
ip
he
ny
lp
ho
sp
ha
ny
l)-
2-
[(
m
et
ho
xy
ca
rb
on
yl
)m
et
hy
l]f
er
ro
ce
ne
. 
Th
e 
cr
ys
ta
l 
st
ru
ct
ur
es
 o
f 
th
e 
m
et
hy
la
te
d 
es
te
r 
an
d 
its
 p
al
la
di
um
(I
I)
 c
om
pl
ex
 w
ith
 a
n 
au
xi
lia
ry
 2
-[
(d
im
et
hy
la
m
in
o)
-
m
et
hy
l]p
he
ny
l l
ig
an
d.
” 
C
ol
le
ct
.C
ze
ch
. C
he
m
. C
om
m
un
. 2
00
7,
 7
2,
 9
85
. 
 A
bs
tra
ct
: 
Tr
ea
tm
en
t 
of
 
ra
ce
m
ic
 
1-
(d
ip
he
ny
lp
ho
sp
ha
ny
l)-
2-
[(
m
et
ho
xy
ca
rb
on
yl
)m
et
hy
l]-
fe
rr
oc
en
e 
su
cc
es
si
ve
ly
 w
ith
 N
aN
(S
iM
e 3
) 2
 a
nd
 m
et
hy
l i
od
id
e 
gi
ve
s 
th
e 
C
-a
lk
yl
at
ed
 p
ro
du
ct
, 
1-
(d
ip
he
ny
lp
ho
sp
ha
ny
l)-
2-
[1
-(
m
et
ho
xy
ca
rb
on
yl
)e
th
yl
]f
er
ro
ce
ne
 
(6
) 
as
 
a 
m
ix
tu
re
 
of
 
di
as
te
re
oi
so
m
er
s i
n 
ca
. 1
0:
1 
ra
tio
, f
ro
m
 w
hi
ch
 th
e 
m
aj
or
 (S
,R
p/R
,S
p)
-d
ia
st
er
eo
is
om
er
 is
 e
as
ily
 
is
ol
at
ed
 b
y 
cr
ys
ta
lli
sa
tio
n.
 E
st
er
 (
S,
R p
/R
,S
p)
-6
 r
ea
ct
s 
w
ith
 [
LN
C
Pd
(N
C
M
e)
2]
C
lO
4 
(L
N
C
 =
 2
-
(d
im
et
hy
la
m
in
o-
κN
)p
he
ny
l-κ
C
1 )
 
to
 
gi
ve
 
th
e 
ca
tio
ni
c 
bi
s-
ch
el
at
e 
co
m
pl
ex
 
(S
,R
p/R
,S
p)
-
[L
N
C
Pd
(6
-κ2
O
,P
)]
C
lO
4 
(9
). 
Th
e 
st
ru
ct
ur
es
 o
f 
(S
,R
p/R
,S
p)
-6
 a
nd
 9
 h
av
e 
be
en
 d
et
er
m
in
ed
 b
y 
si
ng
le
-c
ry
st
al
 X
-r
ay
 d
iff
ra
ct
io
n.
 H
yd
ro
ly
si
s 
of
 e
st
er
 6
 to
 th
e 
co
rr
es
po
nd
in
g 
ca
rb
ox
yl
ic
 a
ci
d 
pr
ov
ed
 to
 b
e 
di
ff
ic
ul
t, 
co
m
pl
ic
at
ed
 b
y 
ra
ce
m
is
at
io
n 
at
 th
e 
ne
w
ly
 c
re
at
ed
 s
te
re
og
en
ic
 c
ar
bo
n 
at
om
 a
nd
 o
xi
da
tio
n 
of
 th
e 
ph
os
ph
an
e 
gr
ou
p.
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M
. 
La
m
ač
, 
J. 
Ta
uc
hm
an
, 
I. 
C
ís
ař
ov
á,
 
P.
 
Št
ěp
ni
čk
a:
 
“P
re
pa
ra
tio
n 
of
 
C
hi
ra
l 
Ph
os
ph
in
of
er
ro
ce
ne
 C
ar
bo
xa
m
id
e 
Li
ga
nd
s 
an
d 
Th
ei
r 
A
pp
lic
at
io
n 
to
 P
al
la
di
um
-C
at
al
yz
ed
 
A
sy
m
m
et
ric
 A
lly
lic
 A
lk
yl
at
io
n”
 O
rg
an
om
et
al
lic
s 2
00
7,
 2
6,
 5
04
2.
 
 A
bs
tra
ct
: A
 s
er
ie
s 
of
 p
ho
sp
hi
no
fe
rr
oc
en
e-
ca
rb
ox
am
id
es
 b
ea
rin
g 
ac
hi
ra
l (
be
nz
yl
) 
an
d 
ch
ira
l 
[(
R)
- 
an
d 
(S
)-
1-
ph
en
yl
et
hy
l] 
su
bs
tit
ue
nt
s 
at
 th
e 
am
id
e 
ni
tro
ge
n 
ha
s 
be
en
 p
re
pa
re
d 
fr
om
 1
′-
(d
ip
he
ny
lp
ho
sp
hi
no
)f
er
ro
ce
ne
ca
rb
ox
yl
ic
 
ac
id
 
(H
dp
f)
 
an
d 
(S
p)
-2
-(
di
ph
en
yl
ph
os
ph
in
o)
-
fe
rr
oc
en
ec
ar
bo
xy
lic
 a
ci
d 
((
S p
)-
1)
 a
nd
 te
st
ed
 a
s 
lig
an
ds
 fo
r e
na
nt
io
se
le
ct
iv
e 
al
ly
lic
 a
lk
yl
at
io
n 
of
 1
,3
-d
ip
he
ny
la
lly
l 
ac
et
at
e 
w
ith
 d
im
et
hy
l 
m
al
on
at
e.
 A
t 
ro
om
 t
em
pe
ra
tu
re
, 
th
e 
al
ky
la
tio
n 
re
ac
tio
ns
 p
ro
ce
ed
ed
 w
ith
 c
om
pl
et
e 
co
nv
er
si
on
s 
an
d 
ee
’s
 u
p 
to
 9
0%
, t
he
 m
os
t e
ff
ic
ie
nt
 b
ei
ng
 
th
e 
pl
an
ar
-o
nl
y 
ch
ira
l 
lig
an
d 
(S
p)
-2
-(
di
ph
en
yl
ph
os
ph
in
o)
-1
-(
N
-b
en
zy
lc
ar
ba
m
oy
l)f
er
ro
ce
ne
 
((
S p
)-
2)
. T
he
 c
ry
st
al
 s
tru
ct
ur
es
 o
f (
S p
)-
2 
an
d 
ca
tio
ni
c 
(η3
-a
lly
l)p
al
la
di
um
(I
I)
 c
om
pl
ex
 [P
d(
η3 -
Ph
C
H
C
H
C
H
Ph
){
(S
p)
-2
-κ2
O
,P
}]
C
lO
4 
((
S p
)-
8)
 h
av
e 
be
en
 d
et
er
m
in
ed
 b
y 
si
ng
le
-c
ry
st
al
 X
-r
ay
 
di
ff
ra
ct
io
n 
an
d 
co
nf
ro
nt
ed
 w
ith
 t
he
 s
ol
ut
io
n 
N
M
R
 d
at
a 
to
 p
ro
vi
de
 a
n 
in
si
gh
t 
in
to
 t
he
 
m
ec
ha
ni
sm
 o
f c
hi
ra
l d
is
cr
im
in
at
io
n.
 
 5)
 M
. 
La
m
ač
, 
J. 
C
va
čk
a,
 P
. 
Št
ěp
ni
čk
a:
 “
Th
e 
re
ac
tio
n 
of
 (
S p
)-
2-
(d
ip
he
ny
lp
ho
sp
hi
no
)-
fe
rr
oc
en
ec
ar
bo
xy
lic
 a
ci
d 
w
ith
 c
ar
bo
di
im
id
e 
re
ag
en
ts
: C
ha
ra
ct
er
is
at
io
n 
of
 th
e 
ac
id
 a
nh
yd
rid
e 
an
d 
ur
ea
 p
ro
du
ct
s”
 J
. O
rg
an
om
et
. C
he
m
. 2
00
8,
 6
93
, 3
43
0.
 
 
5
              
 
Sc
he
m
e 
3 
 C
at
al
yt
ic
 p
ro
pe
rti
es
 o
f t
he
 n
ew
ly
 p
re
pa
re
d 
lig
an
ds
 (a
ci
d 
1,
 a
nd
 it
s 
am
id
es
 6
 a
nd
 7
) w
er
e 
pr
ob
ed
 i
n 
pa
lla
di
um
-c
at
al
ys
ed
 a
lly
lic
 a
lk
yl
at
io
n 
of
 r
ac
em
ic
 (
E)
-1
,3
-d
ip
he
ny
lp
ro
p-
2-
en
-1
-y
l 
ac
et
at
e 
(1
2)
 w
ith
 d
im
et
hy
l m
al
on
at
e 
an
io
n 
(S
ch
em
e 
4)
. T
he
 r
es
ul
ts
 s
um
m
ar
is
ed
 in
 T
ab
le
 1
 
in
di
ca
te
 o
nl
y 
m
od
es
t a
sy
m
m
et
ric
 in
du
ct
io
n 
an
d 
a 
co
ns
id
er
ab
le
 d
iff
er
en
ce
 b
et
w
ee
n 
fr
ee
 a
ci
d 
an
d 
its
 a
m
id
es
. 
       
Sc
he
m
e 
4 
A
sy
m
m
et
ri
c 
al
ly
lic
 a
lk
yl
at
io
n 
(B
SA
 =
 N
,O
-b
is
(t
ri
m
et
hy
ls
ily
l)a
ce
ta
m
id
e)
 
     
 T
ab
le
 1
 
 
En
try
 
Li
ga
nd
 
co
nv
er
si
on
 (i
so
la
te
d 
yi
el
d)
 [%
][a
] 
ee
 [%
] (
co
nf
ig
ur
at
io
n)
[b
] 
1 
(R
p,R
)-
1 
10
0 
(9
4)
 
10
 (S
) 
2 
(R
p,R
)-
6 
55
 
41
 (R
) 
3 
(R
p,R
,R
)-
7 
42
 
43
 (R
) 
4 
(R
p,R
,S
)-
7 
22
 
35
 (R
) 
   
  
   
  [
a]
 C
on
ve
rs
io
n 
de
te
rm
in
ed
 b
y 
1 H
 N
M
R
 sp
ec
tro
sc
op
y.
  
   
  [
b]
 A
bs
ol
ut
e 
co
nf
ig
ur
at
io
n 
as
si
gn
ed
 o
n 
th
e 
ba
si
s o
f s
ig
n 
of
 th
e 
op
tic
al
 ro
ta
tio
n.
 
P
R
h
C
l
C
l
P
h
P
h
C
O
O
H
Fe
P
R
h
O
C
l
P
h
P
h
O
Fe
8
9
10
P
C O
O
R
h
P
h
P
h
C
O
P
C
y 3
Fe
11
P
C N
H
C
H
2P
h
O
P
d
P
h
P
h
M
e
C
l
Fe
P
h
P
h
O
A
c
P
h
P
h
C
O
O
M
e
M
eO
O
C
C
O
O
M
e
C
O
O
M
e
BS
A,
 K
O
Ac
in
 C
H
2C
l 2,
 rt
, 2
0 
h
12
13
5 
m
ol
.-%
 c
at
al
ys
t:
lig
an
d 
+ 
[P
d(
C
3H
5)
C
l] 2
 
6 
Th
e 
fo
llo
w
in
g 
w
or
k 
w
as
 
fo
cu
se
d 
on
 
th
e 
pr
ep
ar
at
io
n 
of
 
(S
)-
2-
[(
S p
)-
2-
(d
ip
he
ny
lp
ho
sp
ha
ny
l)f
er
ro
ce
ny
l]p
ro
pi
on
ic
 a
ci
d 
(2
), 
a 
ho
m
ol
og
ue
 to
 p
re
vi
ou
sl
y 
pr
ep
ar
ed
 [2
-
(d
ip
he
ny
lp
ho
sp
ha
ny
l)f
er
ro
ce
ny
l]a
ce
tic
 a
ci
d.
5  
Th
e 
ap
pl
ic
at
io
n 
of
 s
yn
th
et
ic
 p
ro
ce
du
re
 s
im
ila
r 
to
 t
he
 p
re
pa
ra
tio
n 
of
 t
he
 h
om
ol
og
ou
s 
co
m
po
un
d 
w
as
 n
ot
 s
uc
ce
ss
fu
l 
du
e 
to
 d
iff
er
en
t 
re
ac
tiv
ity
 o
f 
so
m
e 
re
ac
tio
n 
in
te
rm
ed
ia
te
s. 
In
st
ea
d,
 a
n 
al
te
rn
at
iv
e 
ap
pr
oa
ch
 h
ad
 to
 b
e 
us
ed
, 
le
ad
in
g 
to
 r
ac
em
ic
 b
ut
 d
ia
st
er
eo
m
er
ic
al
ly
 p
ur
e 
pr
od
uc
ts
. I
t w
as
 f
ou
nd
, t
ha
t α
-d
ep
ro
to
na
tio
n 
of
 
ra
ce
m
ic
 
[2
-(
di
ph
en
yl
ph
os
ph
an
yl
)f
er
ro
ce
ny
l]a
ce
to
ni
tri
le
 
(1
4)
 
or
 
es
te
r 
15
 
w
ith
 
N
aN
(S
iM
e 3
) 2
 p
ro
ce
ed
s 
w
ith
 h
ig
h 
di
as
te
re
os
el
ec
tiv
ity
, a
nd
 th
is
 o
pe
ns
 a
 ro
ut
e 
to
 p
ro
du
ct
s 
16
-
18
 v
ia
 a
 s
ub
se
qu
en
t r
ea
ct
io
ns
 o
f 
th
e 
fo
rm
ed
 c
ar
ba
ni
on
 w
ith
 e
le
ct
ro
ph
ile
s 
(S
ch
em
e 
5)
. T
he
 
re
su
lti
ng
 e
st
er
 1
8 
w
as
 u
til
is
ed
 in
 th
e 
pr
ep
ar
at
io
n 
of
 th
e 
ca
tio
ni
c 
ch
el
at
e 
pa
lla
di
um
 c
om
pl
ex
, 
(S
,R
p/R
,S
p)
-[
(C
6H
4C
H
2N
M
e 2
-κ
2 C
1 ,P
)P
d(
18
-κ2
O
,P
)]
C
lO
4, 
fe
at
ur
in
g 
an
 
or
th
o-
m
et
al
at
ed
 
au
xi
lia
ry
 li
ga
nd
. U
nf
or
tu
na
te
ly
, t
he
 h
yd
ro
ly
si
s 
of
 n
itr
ile
s 
w
as
 e
nt
ire
ly
 u
ns
uc
ce
ss
fu
l, 
w
hi
le
 in
 
th
e 
ca
se
 o
f 
es
te
r 
18
, i
t 
w
as
 c
om
pl
ic
at
ed
 b
y 
ra
ce
m
is
at
io
n 
at
 t
he
 n
ew
ly
 c
re
at
ed
 s
te
re
og
en
ic
 
ca
rb
on
 a
to
m
 a
nd
 b
y 
co
nc
om
ita
nt
 o
xi
da
tio
n 
of
 th
e 
ph
os
ph
an
yl
 g
ro
up
. 
         
Sc
he
m
e 
5 
 In
 v
ie
w
 o
f 
th
e 
pr
ev
io
us
 r
es
ul
ts
, t
he
 f
ol
lo
w
in
g 
w
or
k 
w
as
 d
ev
ot
ed
 to
 th
e 
pr
ep
ar
at
io
n 
of
 
am
id
es
 f
ro
m
 t
he
 k
no
w
n 
fe
rr
oc
en
e 
ba
se
d 
ph
os
ph
an
yl
-c
ar
bo
xy
lic
 a
ci
ds
 a
nd
 t
he
ir 
te
st
in
g 
as
 
lig
an
ds
 f
or
 a
sy
m
m
et
ric
 a
lly
lic
 a
lk
yl
at
io
n 
(S
ch
em
e 
4)
. T
hu
s, 
a 
se
rie
s 
of
 li
ga
nd
s 
co
m
pr
is
in
g 
(S
p)
-2
-(
di
ph
en
yl
ph
os
ph
an
yl
)f
er
ro
ce
ne
ca
rb
ox
yl
ic
 a
ci
d 
(1
9)
,6  
its
 a
m
id
es
 (
20
, 
Sc
he
m
e 
6)
, 
as
 
w
el
l 
as
 t
w
o 
ot
he
r 
C
-c
hi
ra
l 
am
id
es
 (
21
) 
de
riv
ed
 f
ro
m
 H
dp
f 
(1
′-(d
ip
he
ny
lp
ho
sp
ha
ny
l)-
fe
rr
oc
en
ec
ar
bo
xy
lic
 a
ci
d)
7  
w
as
 s
tu
di
ed
. 
Th
e 
re
su
lts
 (
su
m
m
ar
is
ed
 i
n 
Ta
bl
e 
2)
 c
le
ar
ly
 
in
di
ca
te
d 
th
e 
do
m
in
an
t 
ro
le
 o
f 
pl
an
ar
 c
hi
ra
lit
y 
on
 t
he
 s
te
re
os
el
ec
tiv
ity
 o
f 
th
e 
al
ky
la
tio
n 
re
ac
tio
n,
 a
s 
am
id
es
 2
1 
ex
hi
bi
te
d 
no
 s
te
re
og
en
ic
 i
nd
uc
tio
n 
at
 a
ll 
w
hi
le
 t
he
ir 
pl
an
ar
 c
hi
ra
l 
co
un
te
rp
ar
ts
 g
av
e 
m
od
er
at
e 
to
 g
oo
d 
ee
’s
. S
ub
se
qu
en
t m
od
ifi
ca
tio
n 
of
 th
e 
re
ac
tio
n 
co
nd
iti
on
s 
al
lo
w
ed
 fo
r e
e 
as
 h
ig
h 
as
 9
0 
%
 w
ith
 li
ga
nd
 2
0a
. T
he
 s
ug
ge
st
ed
 re
ac
tio
n 
m
ec
ha
ni
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 C
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 C
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, D
M
AP
 / 
C
H
2C
l 2,
 rt
+
P
P
h 2
C
O
O
H
P
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 d
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 p
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 d
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říb
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 C
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 L
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08
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 C
at
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, M
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ls
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ci
en
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, A
. T
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. H
ay
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 (E
d.
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V
C
H
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ei
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m
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19
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et
ri
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lic
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pl
in
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at
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ic
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m
m
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ed
. I
. O
jim
a,
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25
-3
65
, V
C
H
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Y
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k 
19
93
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b)
 B
. M
. T
ro
st
, D
. L
. V
an
 V
ra
nk
en
 C
he
m
. R
ev
. 1
99
6,
 9
6,
 3
95
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c)
 B
. M
. 
Tr
os
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M
. L
. C
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w
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y 
C
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m
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ev
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00
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 1
03
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92
1.
 (d
) B
. M
. T
ro
st
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. O
rg
. C
he
m
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00
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3.
  M
. L
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ač
, I
. C
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ař
ov
á,
 P
. Š
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pn
ič
ka
 J
. O
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an
om
et
. C
he
m
. 2
00
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 6
90
, 4
28
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4.
  P
. B
ar
ba
ro
, C
. B
ia
nc
hi
ni
, G
. G
ia
m
ba
st
ia
ni
 S
yn
th
es
is 
20
05
, 2
44
5.
 
5.
  P
. Š
tě
pn
ič
ka
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. C
ís
ař
ov
á 
O
rg
an
om
et
al
lic
s 2
00
3,
 2
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 1
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P
P
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p)
- 2
8a
, 2
8b
P
P
h 2O
O
O
P
P
h 2
Fe
(S
p,S
p)
- 2
9
+
Fe
a:
 R
1 , 
R
2  =
 C
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M
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 E
t
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A
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m
et
ri
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á 
al
ly
lo
vá
 a
lk
yl
ac
e 
s l
ig
an
dy
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p)
-H
dp
c,
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5,
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re
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ce
 
lig
an
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dp
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+5
4 
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] 
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(S
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(R
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(R
p)
-2
6b
 
+5
5 
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] 
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(R
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p)
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6c
 
+6
7 
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7 
(S
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6d
 
+6
0 
[R
] 
8 
(R
p)
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6e
 
+5
8 
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] 
9 
(R
p)
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6f
 
+5
8 
[R
] 
10
 
ko
m
pl
ex
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[R
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  [
a]
 K
on
ve
rz
e 
ve
 v
še
ch
 p
říp
ad
ec
h 
kv
an
tit
at
iv
ní
 p
o 
20
 h
. 
   
   
   
  [
b]
 R
ea
kc
e 
pr
ov
ed
en
a 
s p
ou
ži
tím
 k
om
pl
ex
u 
(R
p)-
27
. 
    
   
   
T
ab
ul
ka
 4
  O
pt
im
al
iz
ac
e 
re
ak
čn
íc
h 
po
dm
ín
ek
 p
ro
 li
ga
nd
 (S
,R
p)
-2
6c
a  
 
re
ak
ce
 
T 
(°C
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bá
ze
 
ee
 (%
) [
ko
nf
ig
.] 
1 
22
 
Li
O
A
c 
+5
2 
[R
] 
2 
22
 
N
aO
A
c 
+6
7 
[R
] 
3 
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K
O
A
c 
+6
6 
[R
] 
4 
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R
bO
A
c 
+6
8 
[R
] 
5 
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C
sO
A
c 
+6
8 
[R
] 
6 
22
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+5
7 
[R
] 
7 
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N
aO
A
c 
+6
7 
[R
] 
8b
 
22
 
N
aO
A
c 
+6
5 
[R
] 
9c
 
22
 
N
aO
A
c 
+8
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 [a
] K
on
ve
rz
e 
by
ly
 k
va
nt
ita
tiv
ní
 k
ro
m
ě 
re
ak
ce
 9
 (9
3 
%
). 
   
   
   
   
   
   
   
   
   
 [b
] R
ea
kc
e 
by
la
 p
ro
ve
de
na
 s 
et
hy
l-(
E)
-1
,3
-d
ife
ny
lp
ro
p-
2-
en
-1
-y
l k
ar
bo
ná
te
m
. 
   
   
   
   
   
   
   
   
   
 [c
] R
ea
kc
e 
by
la
 p
ro
ve
de
na
 s 
di
-t-
bu
ty
l m
al
on
át
em
 ja
ko
 n
uk
le
of
ile
m
. 
 Ja
ko
 d
al
ší
 p
řís
pě
ve
k 
k 
pr
ob
le
m
at
ic
e 
po
pi
so
va
né
 v
 té
to
 p
rá
ci
 b
yl
a 
st
ud
ov
án
a 
re
ak
tiv
ita
 v
 
sy
st
ém
ec
h 
fo
sf
an
yl
-k
ar
bo
xy
lo
vá
 k
ys
el
in
a/
ka
rb
od
iim
id
. 
C
íle
m
 b
yl
o 
op
tim
al
iz
ov
at
 r
ea
kč
ní
 
po
dm
ín
ky
 a
 z
am
ez
it 
vz
ni
ku
 n
ež
ád
ou
cí
ch
 v
ed
le
jš
íc
h 
pr
od
uk
tů
 p
ři 
př
íp
ra
vá
ch
 d
er
iv
át
ů 
ka
rb
ox
yl
ov
ýc
h 
ky
se
lin
 –
 e
st
er
ů 
a 
am
id
ů.
 J
ak
o 
zá
st
up
ce
 p
rv
ní
 s
ku
pi
ny
 re
ak
ta
nt
ů 
by
la
 z
vo
le
na
 
(S
p)
-2
-(
di
fe
ny
lfo
sf
an
yl
)f
er
ro
ce
nk
ar
bo
xy
lo
vá
 k
ys
el
in
a 
a 
dv
a 
bě
žn
ě 
po
už
ív
an
é 
ka
rb
od
iim
id
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N
-e
th
yl
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'-[
3-
(d
im
et
hy
la
m
in
o)
pr
op
yl
]k
ar
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di
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id
 (
ED
C
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a 
N,
N
'-d
ic
yk
lo
he
xy
lk
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di
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(D
C
C
). 
B
yl
o 
zj
iš
tě
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 r
ea
kc
e 
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př
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m
no
st
i 
bá
ze
 a
 n
uk
le
of
ilu
 p
os
ky
tu
je
 p
ře
dn
os
tn
ě 
su
bs
tit
uo
va
né
 
N
-a
cy
lm
oč
ov
in
y 
(2
8,
 
sc
he
m
a 
9)
 
v 
př
íp
ad
ě 
ob
ou
 
di
im
id
ů.
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Fu
rth
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m
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 (R
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c 
w
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 c
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ve
rte
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 se
rie
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f s
ec
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ry
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m
id
es
 w
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 su
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tit
ue
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e 
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id
e 
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ge
n 
di
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er
in
g 
in
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er
ic
 p
ro
pe
rti
es
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, o
pt
io
na
lly
, a
ls
o 
in
 c
hi
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lit
y 
of
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e 
si
de
 
ch
ai
n 
(2
6,
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ch
em
e 
8)
. 
A
s 
a 
m
od
el
 f
or
 t
he
 a
nt
ic
ip
at
ed
 i
nt
er
m
ed
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te
 i
n 
al
ly
lic
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ub
st
itu
tio
n 
re
ac
tio
n,
 t
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 c
at
io
ni
c 
η3 -
1,
3-
di
ph
en
yl
al
ly
l 
co
m
pl
ex
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w
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 p
re
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re
d 
an
d 
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 s
tru
ct
ur
e 
de
te
rm
in
ed
 b
y 
X
-r
ay
 d
iff
ra
ct
io
n.
 
                  
Sc
he
m
e 
8 
(E
D
C
 =
 N
-e
th
yl
-N
'-[
3-
(d
im
et
hy
la
m
in
o)
pr
op
yl
]c
ar
bo
di
im
id
e,
 H
O
B
t =
 1
-h
yd
ro
xy
-
be
nz
ot
ri
az
ol
e)
 
 Th
e 
ca
ta
ly
tic
 t
es
ts
 (
fo
r 
re
su
lts
, 
se
e 
Ta
bl
es
 3
 a
nd
 4
) 
w
er
e 
pe
rf
or
m
ed
 a
ga
in
 o
n 
th
e 
pa
lla
di
um
 m
ed
ia
te
d 
as
ym
m
et
ric
 a
lly
lic
 a
lk
yl
at
io
n 
of
 (E
)-
1,
3-
di
ph
en
yl
pr
op
-2
-e
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at
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 p
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 b
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s o
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[b
] T
he
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ac
tio
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w
as
 p
er
fo
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ed
 w
ith
 e
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-(
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,3
-d
ife
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p-
2-
en
-1
-y
l c
ar
bo
na
te
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[c
] T
he
 re
ac
tio
n 
w
as
 p
er
fo
rm
ed
 w
ith
 d
i-t
-b
ut
yl
 m
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on
at
e 
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nu
cl
eo
ph
ile
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 c
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-c
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 o
rd
er
 t
o 
op
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n 
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iti
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at
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n 
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l u
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s 
un
de
si
re
d 
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de
-p
ro
du
ct
s 
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at
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n 
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 c
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D
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e 
by
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 (
R p
)-
H
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c 
př
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ed
en
a 
na
 s
ér
ii 
se
ku
nd
ár
ní
ch
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m
id
ů 
(2
6,
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ch
em
a 
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 s
e 
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tit
ue
nt
y 
s r
ůz
ný
m
i 
st
er
ic
ký
m
i 
vl
as
tn
os
tm
i 
a 
př
íp
ad
ně
 
ch
ira
lit
ou
. 
Ja
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m
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s p
ře
dp
ok
lá
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u 
st
ru
kt
ur
ou
 
re
ak
čn
íh
o 
in
te
rm
ed
iá
tu
 
al
ly
lo
vé
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tit
uc
e 
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l 
př
ip
ra
ve
n 
ka
tio
nt
ov
ý 
ko
m
pl
ex
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7 
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di
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ny
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lly
lo
vý
m
 l
ig
an
de
m
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je
ho
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st
ru
kt
ur
a 
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 u
rč
en
a 
re
nt
ge
no
vo
u 
di
fr
ak
cí
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O
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 t
es
ty
 b
yl
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 p
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)-
1,
3-
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fe
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ro
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et
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,3
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ife
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p-
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-1
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l-
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rb
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po
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 d
im
et
hy
l- 
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eb
o 
di
-t-
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ty
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 m
al
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át
u/
bá
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ko
 n
uk
le
of
ilu
 a
 3
 m
ol
.-%
 
ka
ta
ly
zá
to
ru
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yt
vo
ře
né
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si
tu
 z
 p
řís
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šn
éh
o 
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du
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 d
im
er
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re
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rz
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u 
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C
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η3 -
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5)
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]. 
C
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á 
sé
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m
id
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te
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ě 
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el
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H
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er
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 b
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ov
án
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ed
en
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le
dk
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al
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m
ěr
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 m
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 se
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iv
itě
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en
é 
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ev
ší
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 s
te
ric
ký
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 H
od
no
ty
 e
na
nt
io
m
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 p
ře
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ro
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lig
an
dů
 d
os
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ov
al
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ěr
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ch
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od
no
t, 
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ič
em
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jle
pš
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vý
sl
ed
ek
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 %
 e
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yl
 
do
sa
že
n 
se
 st
er
ic
ky
 n
ár
oč
ný
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 n
uk
le
of
ile
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, d
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yl
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al
on
át
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6d
R
1 =
 P
h,
 R
2 =
 P
h:
 (R
p)
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P
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ná
sl
ed
ně
 r
oz
št
ěp
en
a 
na
 e
na
nt
io
m
er
y 
př
es
 d
ia
st
er
eo
m
er
ní
 e
st
er
y 
s d
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iis
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 p
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yl
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im
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e.
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ra
ce
m
ic
ké
 H
dp
c,
 g
lu
ko
fu
ra
no
si
du
 (R
p)
-2
5 
a 
m
et
hy
le
st
er
u 
(R
p)
-M
ed
pc
 (v
zn
ik
lé
ho
 ja
ko
 v
ed
le
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 b
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říb
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 m
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 C
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, D
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P
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 b
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 p
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 f
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 b
ot
h 
di
im
id
es
. 
O
n 
th
e 
ot
he
r 
ha
nd
, 
in
 t
he
 p
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 c
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 o
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 p
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 c
on
cl
us
io
ns
 r
ep
or
te
d 
pr
ev
io
us
ly
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 c
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.10
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] 
2 
(S
p)
-2
0a
22
 
20
 
K
O
A
c 
10
0 
(9
1)
 
58
 [R
] 
3 
(R
,S
p)
-2
0b
 
22
 
20
 
K
O
A
c 
10
0 
(9
7)
 
49
 [R
] 
4 
(S
,S
p)
-2
0c
22
 
20
 
K
O
A
c 
10
0 
(9
5)
 
21
 [R
] 
5 
(R
)-
21
a
22
 
20
 
K
O
A
c 
10
0 
(9
0)
 
0 
6 
(S
)-
21
b
22
 
20
 
K
O
A
c 
10
0 
(9
2)
 
0 
7 
(S
p)
-2
0a
 
22
 
20
 
– 
85
 
90
 [R
]  
8 
(S
p)
-2
0a
 
22
 
20
 
Li
O
A
c 
10
0 
48
 [R
] 
9 
(S
p)
-2
0a
 
22
 
20
 
N
aO
A
c 
10
0 
84
 [R
] 
10
 
(S
p)
-2
0a
 
0 
42
 
N
aO
A
c 
41
 
88
 [R
] 
11
 
(S
p)
-2
0a
 
22
 
20
 
K
O
A
c 
10
0 
58
 [R
] 
12
 
(S
p)
-2
0a
 
22
 
20
 
R
bO
A
c 
10
0 
44
 [R
] 
13
 
(S
p)
-2
0a
 
22
 
20
 
C
sO
A
c 
10
0 
49
 [R
] 
    
   
 [a
] K
on
ve
rz
e 
ur
če
na
 1 H
 N
M
R
 sp
ek
tro
sk
op
ií.
  
   
   
 [b
] A
bs
ol
ut
ní
 k
on
fig
ur
ac
e 
ur
če
na
 n
a 
zá
kl
ad
ě 
zn
am
én
ka
 o
pt
ic
ké
 ro
ta
ce
 p
ro
du
kt
u.
 
 D
al
ší
m
 
kr
ok
em
 
ve
 
st
ud
iu
 
ka
rb
ox
yf
os
fa
no
vý
ch
 
lig
an
dů
 
se
 
st
al
a 
př
íp
ra
va
 
m
on
ok
ar
bo
xy
lo
va
né
ho
 
de
riv
át
u 
dp
pf
 
(d
pp
f 
= 
1,
1'
-b
is
(d
ife
ny
lfo
sf
an
yl
)f
er
ro
ce
n)
, 
1′,2
-
bi
s(
di
fe
ny
lfo
sf
an
yl
)f
er
ro
ce
n-
1-
ka
rb
ox
yl
ov
é 
ky
se
lin
y 
(H
dp
c)
. 
Př
ip
ra
ve
ná
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